Introduction {#s1}
============

Food is perceived through its flavor: an amalgamation of sensory qualities, including taste and smell, among others ([@CIT0043]; [@CIT0003]; [@CIT0068]; [@CIT0060]). The multisensory experience of flavor is responsible for our enjoyment of food, and as such is a major determinant of food choice ([@CIT0044]). Previous work in humans has provided much insight into the multisensory interactions underlying perceptual judgments of flavor stimuli, but a thorough understanding of the integrative mechanisms underlying food choice behavior is still lacking.

The extant literature on the human psychophysics of flavor perception has convincingly demonstrated that both taste and smell qualities contribute to perceptual judgments of multisensory flavor stimuli ([@CIT0018]; [@CIT0043]; [@CIT0058]). However, different task contexts have yielded different results with regard to the nature of the integrative process. For example, oral detection of taste--smell mixtures is faster and more accurate than can be predicted on the basis of independent unisensory processing channels ([@CIT0069]; [@CIT0034]; [@CIT0056]), whereas intensity judgments of taste--smell mixtures do not reflect their integration, but a linear sum of their component stimulus judgments ([@CIT0039]; [@CIT0038]; [@CIT0020]; [@CIT0028]).

Another factor besides task context that may affect how taste and smell are integrated is flavor "congruency": the implicit association between taste and smell components formed through past eating experiences. For example, enhanced performance on detection tasks has reliably been shown to occur only for congruent taste--smell mixtures ([@CIT0010]; [@CIT0069]; [@CIT0056]), whereas multisensory intensity judgments appear to be independent of congruency ([@CIT0038]). Work on flavor "pleasantness" judgments has yielded both positive and negative effects of congruency: some studies report that congruency enhances pleasantness ratings ([@CIT0052]; [@CIT0002]; [@CIT0016]); others show no effect ([@CIT0059]) or decreases ([@CIT0055]) in pleasantness.

Thus, findings from human psychophysics suggest that the way in which flavor components are integrated depends on task context and experience. However, it is unclear how perceptual judgments such as detection, pleasantness, and intensity relate to food choice behavior ([@CIT0002]). Moreover, work in human subjects complicates meaningful control over flavor experience (however, see [@CIT0065], [@CIT0066]; [@CIT0045]; [@CIT0059]; [@CIT0030]; [@CIT0002]; [@CIT0016]). From birth, human subjects presumably form taste--odor associations through consumption, thereby continuously creating highly subjective congruent (and incongruent) flavor combinations ([@CIT0044]).

Here, we directly address how taste and smell components of flavor interact to inform consumption behavior in rats. The use of rats as a model system allowed us to control flavor experience by exposing animals to specific taste--smell mixtures during an extensive "training" period, and directly measure flavor liking via consumption in a subsequent series of one-bottle tests. Specifically, we tested how taste--smell mixture consumption differs from unisensory component consumption, and how any observed effects may be influenced by flavor experience. The results demonstrate that mixture consumption is best explained by a weighted average of component consumption and that this integrative process is independent of experience.

Methods {#s2}
=======

Subjects {#s3}
--------

A total of 34 Long-Evans rats (17 females, 17 males) were used for this study. Pregnant dams were obtained from [www.criver.com](http://www.criver.com), and litters were kept together until weaning on postnatal day (PND) 21. All animals were kept on a 12-h light cycle (6 AM--6 PM) and had ad lib access to food and water, unless otherwise indicated. All procedures took place in animals' housing facilities. Animals were treated in accordance with the *Guide for the Care and Use of Laboratory Animals*, and all procedures were approved by the Institutional Animal Care and Use Committee of Wake Forest School of Medicine.

Stimuli {#s4}
-------

Stimuli consisted of aqueous solutions of taste and/or smell compounds (obtained from [www.fischersci.com](http://www.fischersci.com) and [www.sigmaaldrich.com](http://www.sigmaaldrich.com); \>98% purity; dissolved in distilled water). Tastants: 10 mM saccharin, 58 mM sucrose, and 50 mM sodium chloride. Odorants: *n*-amyl acetate and 2-hexanone (0.025% weight/volume).

Procedures {#s5}
----------

### Training {#s6}

Training occurred over a period of 4 weeks, from PND 21--23 to PND 47--49. Each week, animals were exposed to taste--smell mixtures for 6 consecutive training days. Each animal was exposed to 2 unique bimodal mixtures consisting of one tastant and one odorant (T~A~+O~A~, T~B~+O~B~). On each training day, animals received 20 ml of a single mixture for 16 h (from 5--6 PM to 9--10 AM). Mixture identity alternated each training day (A-B-A-B-A-B), resulting in 3 exposures per week (12 total over the course of training) to mixtures A and B each. During mixture exposure, animals were single-housed; in between exposures (from 9--10 AM to 5--6 PM), animals were pair-housed with a littermate and received ad lib water. Each block of 6 training days was followed by one day of ad lib access to plain water. For all animals, the taste component of one of the training mixtures was saccharin (mixture A); mixture B contained either sodium chloride (*n* = 22 animals) or sucrose (*n* = 12 animals). Odor components were identical for each animal; identity of the odor component paired with saccharin was counterbalanced between animals. To ensure equal exposure to mixtures A and B, we monitored consumption throughout the training period. [Figure 1](#F1){ref-type="fig"} shows amount consumed for mixtures A and B, averaged over animals and days for each week of training. Two-way analysis of variance (ANOVA) with factors Flavor (A, B) and Training Week (1--4) on training consumption showed no effect of Flavor (*F*~(1,264)~ = 1.73, *P* = 0.19), indicating that animals received balanced exposure to mixtures. A significant effect of Training Week (*F*~(3,264)~ = 113.51, *P* \< 0.001) reflects increased overall consumption with age. No significant interaction was observed (*F*~(3,264)~ = 1.43, *P* = 0.23).

![Consumption of multisensory mixtures across each of the 4 training blocks averaged (±SEM) over all animals (*n* = 34). Mixture A always contained saccharin as the taste component; mixture B contained sodium chloride (*n* = 22 animals) or sucrose (*n* = 12 animals). Odor pairings were counterbalanced for each taste (i.e., mixture A/B contained AA/2H as the odor component in 50% of the animals).](bjz067f0001){#F1}

### Testing {#s7}

Testing occurred over a period of 18 consecutive days, starting 2 days after the last training day, from PND 49--51 to 66--68. Each testing day, animals received a single solution for 16 h (from 5--6 PM to 9--10 AM), consisting of 1) a congruent mixture of taste and odor (T~A~ + O~A~, T~B~ + O~B~); 2) an incongruent mixture (T~A~ + O~B~, T~B~ + O~A~); 3) a unimodal taste or odor component (T~A~, T~B~, O~A~, O~B~); and 4) plain water. This resulted in a total of 9 conditions. In between each testing exposure, animals were given ad lib access to water. In 24 animals, 2 blocks of testing were conducted, with each condition given once, randomly ordered, within each block. In a second group of animals (*n* = 10; trained with saccharin and sodium chloride), 2 additional conditions were tested: 1) a mixture of taste components (T~A~ + T~B~) and 2) a mixture of odor components (O~A~ + O~B~). For this group, conditions were tested once, over a period of 11 consecutive days. To demonstrate that the testing procedure reliably measures solution liking, we compared preference (i.e., consumption relative to water) in each condition between the 2 blocks of testing for all animals that underwent 2 testing blocks. Consumption was significantly correlated between blocks ([Figure 2](#F2){ref-type="fig"}; *r* = 0.53, *P* \< 0.001; correlations for individual conditions ranged from 0.10 to 0.83), and preferences did not differ between testing blocks (2-way ANOVA with factors Block and Condition: Block: *F*~(1,362)~ = 1.88, *P* = 0.17; Condition: *F*~(10,362)~ = 10.43, *P* \< 0.001; interaction: *F*~(10,362)~ = 0.22, *P* = 0.99), indicating stable preference throughout the testing phase.

![Preference (consumption relative to water) during the first versus the second testing block in each condition for animals that were tested twice on each condition (*n* = 192).](bjz067f0002){#F2}

Data analysis {#s8}
-------------

Consumption was measured by weighing bottles before and after training/testing sessions (Consumption = Weight~Before~ − Weight~After~). For conditions that were tested twice, all analyses were based on the average consumption across both days.

To explain consumption in multisensory conditions, we tested several models relating unisensory consumption to multisensory consumption. The additive model assumes that mixture consumption is based on the sum of component consumption relative to water: Mixture consumption = (Taste consumption + Odor consumption) − Plain water consumption. The averaging model assumes that taste and odor both receive 50% of the weight in consumption decisions: Mixture consumption = (Taste consumption + Odor consumption)/2. Finally, we tested a nonintegration model in which multisensory consumption was simply determined by the combined distribution of taste and odor component consumption. This was accomplished by adopting a bootstrap analysis based on randomly drawing 3 consumption values: one from the distribution of taste only conditions; one from the distribution of odor only conditions; and one from the combined distribution of taste and odor only conditions, serving as surrogate "taste," "odor," and "mixture" consumption values, respectively. Triplets were drawn from within a given training group (i.e., saccharin/sodium chloride, saccharin/sucrose) to match experimental conditions, and the number of random triplets in a simulation was equal to the number of multisensory conditions in that training group. From each simulation, we then calculated the probability that "multisensory" values were intermediate to "taste" and "odor" values. This procedure was repeated 1000 times for each training condition. Confidence intervals of the resulting distribution of probabilities were used to statistically evaluate the observed data.

Results {#s9}
=======

The present study investigated the impact of multisensory flavor experience and unisensory component liking on consumption of taste--smell mixtures in rats. During a training period, animals were first exposed to specific bimodal mixtures consisting of a single taste and a single smell component, thereby creating congruent and incongruent multisensory stimulus combinations (i.e., combinations of taste and smell stimuli that had been experienced together during training, and combinations of taste and smell that had been experienced in different pairings during training, respectively). During a subsequent testing period, we assessed animals' liking for multisensory stimulus combinations and their unisensory components via consumption in a series of one-bottle tests.

Rats combine taste and smell to inform consumption behavior regardless of congruency {#s10}
------------------------------------------------------------------------------------

We first tested whether multisensory mixtures are treated differently from their unisensory components. For each multisensory condition in each animal (*n* = 4 conditions × *n* = 34 animals, resulting in a total of *n* = 136 conditions), we determined what the most preferred unisensory component was ("best unisensory") and directly compared consumption in these 2 conditions (Congruent, [Figure 3A](#F3){ref-type="fig"}; Incongruent, [Figure 3B](#F3){ref-type="fig"}). Taste components were preferred over odor components in most cases (*n* = 121 of 136 cases, 89.0%). Statistical comparison revealed that mixture consumption was less than best unisensory consumption (congruent: *t*~(67)~ = 6.35, *P* \< 0.001; incongruent: *t*~(67)~ = 4.91, *P* \< 0.001). Moreover, mixture consumption was significantly greater than the least preferred component solution (congruent: *t*~(67)~ = −6.83, *P* \< 0.001; incongruent: *t*~(67)~ = −6.16, *P* \< 0.001; [Figure 3C](#F3){ref-type="fig"},[D](#F3){ref-type="fig"}, respectively). Comparison of consumption patterns between congruent and incongruent conditions further shows that mixture consumption does not differ between congruent and incongruent conditions (*t*-test comparing congruent mixture minus best vs. incongruent mixture minus best: *t*~(134)~ = 0.02, *P* = 0.98; congruent mixture minus worst vs. incongruent mixture minus worst: *t*~(134)~ = 0.19, *P* = 0.85). Bootstrap analysis (see Methods) further demonstrated that the observed pattern of results cannot be explained by a nonintegration model in which mixture consumption is simply determined by the combined distribution of unisensory taste and odor component consumption (*P* \< 0.01). Thus, rats integrate taste and smell cues to inform consumption decisions, regardless of the configuration in which these components were previously experienced. However, it remains unclear *how* taste and smell components are combined to inform mixture consumption.

![Congruent (*n* = 68; A, C) and incongruent (*n* = 68; B, D) mixture consumption versus most (A, B) and least (C, D) preferred component consumption.](bjz067f0003){#F3}

Mixture consumption is best predicted by a weighted average of taste and odor consumption {#s11}
-----------------------------------------------------------------------------------------

Based on the findings described above as well as previous studies on multisensory cue combination, we tested the validity of averaging and additive models to explain mixture consumption (see Methods). Under the averaging model, mixture consumption is explained by an average of the components. The idea is that a judgment of a multisensory stimulus (in this case: how much do I like this mixture solution?) is computed by weighing the information provided by the components ([@CIT0012]; [@CIT0001]). Under the additive model, mixture consumption is informed by adding component liking. Note that both of these models in principle could explain our finding that mixture consumption is typically intermediate to unisensory component consumption. Under the additive model, the pattern of results observed here requires that one of the components is unpalatable (i.e., has "negative" liking, relative to plain water) and the other palatable. Note that solution liking/palatability was not directly measured in the current study, but inferred from our measure of consumption (see Discussion for potential additional contributions to consumption). This was true for *n* = 50 (36.8%) of the cases (*n* = 47 odor unpalatable and taste palatable, *n* = 3 taste unpalatable and odor palatable). Note that a superadditive model, in which mixture consumption exceeds best unisensory component consumption, is not compatible with the pattern of results observed here and will therefore not be considered any further. [Figure 4](#F4){ref-type="fig"} shows mixture consumption versus consumption predicted by the averaging and additive models. Model fit was determined by computing the summed square error, shown in [Figure 5](#F5){ref-type="fig"}. Two-way ANOVA with factors Model (averaging, additive) and Experience (congruent, incongruent) on summed square error revealed a significant main effect of Model, indicating that the averaging model was a better predictor for mixture consumption than the additive model. No significant effect of Experience or interaction was observed, indicating that the integrative operation is not dependent on experience with specific flavors (Model: *F*~(1,268)~ = 22.34, *P* \< 0.001; Experience: *F*~(1,268)~ = 2.40, *P* = 0.12; interaction: *F*~(1,268)~ \< 0.01, *P* = 0.96). Further testing for potential effects of a variety of experimental variables (i.e., Taste Identity \[saccharin, sucrose, sodium chloride\], Postingestive Effect \[saccharin, sucrose\], Odor Identity \[2H, AA\], and Sex \[male, female\]) on the observed pattern of results reveals the generalizability of the observed integrative patterns: 3-way ANOVA on summed square error did not yield significant 2-way interactions between any of the stimulus- or animal-specific factors listed above, and the factor Model (additive, averaging), or 3-way interactions with factors Model and Experience (congruent, incongruent). Moreover,s integration patterns did not differ between testing blocks, indicating that integrative patterns were stable across testing sessions.

![Congruent (*n* = 68; A, C) and incongruent (*n* = 68; B, D) mixture consumption versus average (A, B) and additive (C, D) model predictions.](bjz067f0004){#F4}

![Summed square error (mean ± SEM) for average and additive model predictions of congruent (*n* = 68) and incongruent (*n* = 68) mixture consumption. \*\*\**P* \< 0.001; NS, not significant.](bjz067f0005){#F5}

The averaging model that was favored by our data assumed equal weight on taste and smell components (i.e., a 50/50% weight ratio), but it is possible that weights are not equal. To gain more detailed insight into the exact averaging operation performed by the animals in our study, we calculated (for each mixture condition in each animal) the weight on taste/odor that best explains mixture consumption. A 100/0 (0/100) weight ratio would indicate that mixture consumption is identical to taste (odor) consumption. A weight greater than 100 would indicate that mixture consumption is greater than best unisensory component consumption (200% indicating double the amount), or smaller than worst unisensory component consumption (in this case 200% would indicate half the amount). [Figure 6](#F6){ref-type="fig"} shows all weight ratios, revealing a complex distribution. The main portion of the distribution contains the majority of ratios (*n* = 77, 56.6%), and appears to have a slight bias toward weight on taste. Secondary peaks can be seen on either side of the main peak (representing *n* = 59 conditions, 43.4%).

![Distribution of taste/odor weight ratios for all multisensory conditions (*n* = 136). Dashed lines indicate 100% weight on odor (0/100) and taste (100/0). Component weights with values \> 100 indicate cases where mixture consumption was greater than best unisensory component consumption, or smaller than worst unisensory component consumption.](bjz067f0006){#F6}

To gain insight into the factors that may underlie the observed variability in weight ratios, we tested potential involvement of several experimental variables. First, it is possible that component weight varies with component palatability: components that are liked more are weighed more. [Figure 7](#F7){ref-type="fig"} shows component weight as a function of (relative) component consumption. Overall, no relation between weight and (relative) palatability was observed (*R*^2^ = 0.01, *P* = 0.23), indicating that component weight cannot simply be explained by component palatability. Moreover, the results shown in [Figure 7](#F7){ref-type="fig"} also shed light on the secondary peaks observed in [Figure 6](#F6){ref-type="fig"}: component weights larger than 100 or less than 0 are observed when differences in component consumption are close to zero (i.e., when both components are equally liked by the animal). Second, it is possible that component weight varies with stimulus-specific factors. To test this possibility, we performed a series of one-way ANOVAs on component weight with factors Taste Identity, Odor Identity, and Congruency, yielding no significant effects (respectively, *F*~(2,133)~ = 0.85, *P* = 0.43; *F*~(1,134)~ \< 0.01, *P* = 0.97; *F*~(1,134)~ = 1.24, *P* = 0.27). For this analysis, component weight was expressed as a single variable by converting all cases with a weight on taste of zero to negative numbers using the formula: (odor weight × −1) + 100. Finally, we tested the possibility that component weight varies with internal (i.e., animal-specific) factors. One-way ANOVA on component weight with factors Animal Identity and Sex revealed a significant effect of Animal Identity (*F*~(33,102)~ = 1.98, *P* \< 0.01; *F*~(1,134)~ = 1.26, *P* = 0.26), suggesting that the amount of weight carried by taste and smell components of a mixture varies from animal to animal.

![Weight ratio versus relative component preference (taste minus odor consumption) for all multisensory conditions (*n* = 136).](bjz067f0007){#F7}

Component averaging is unique to multisensory mixtures {#s12}
------------------------------------------------------

The findings presented above demonstrate that when making a consumption decision, animals judge a taste--smell mixture by weighing palatability of the components. However, it is unknown whether the observed averaging operation is unique to multisensory mixtures or applies more generally in the context of consumption. To test this, a subset of animals (*n* = 10) were tested on unimodal (i.e., taste--taste) mixtures in addition to the taste--smell mixtures discussed above. [Figure 8A](#F8){ref-type="fig"} shows mixture consumption relative to component consumption for unimodal mixture conditions. Compared with [Figure 3](#F3){ref-type="fig"}, the opposite pattern was observed: mixture consumption was greater than consumption of the best component. Comparing averaging and additive model predictions revealed a better fit of the additive model, a pattern that differed significantly from the one observed for multisensory mixtures ([Figure 8B](#F8){ref-type="fig"}; *t*-test comparing averaging minus additive error for Taste + Taste conditions versus Taste + Odor conditions: *t*~(144)~ = −3.31, *P* \< 0.01). Further investigation of optimal weight ratios revealed that the majority of the weight was placed on the most preferred component (on average: 115.65 ± 18.02% weight on sodium chloride when sodium chloride was the preferred component \[*n* = 7\]; 108.75 ± 5.13% weight on saccharin when saccharin was the preferred component \[*n* = 3\]; *t*-test comparing weight on sodium chloride when sodium chloride was preferred versus weight on saccharin when saccharin was preferred: *t*~(8)~ = −0.24, *P* = 0.82). Thus, an averaging operation as a model for explaining mixture consumption appears to be unique to multisensory mixtures.

![(A) Taste--taste mixture consumption versus most preferred component consumption (*n* = 10). (B) Average (±SEM) difference in prediction error for the averaging and additive models, for taste--odor (*n* = 136) and taste--taste (*n* = 10) mixtures. \*\**P* \< 0.01.](bjz067f0008){#F8}

Discussion {#s13}
==========

In this article, we investigated if and how rats combine taste and odor information to inform flavor liking. Using a unique experimental design in which we experimentally manipulate flavor experience and directly measure consumption as a behavioral read out, we demonstrate that flavor liking is best explained by a weighted average of component liking. Moreover, this integrative operation appears to be independent of experience with specific taste--smell combinations.

At a general level, our findings are consistent with previous work in humans, demonstrating that taste and smell interact to inform multisensory flavor judgments. Most of these previous studies revealed additive or superadditive interactions, where the individual components combine to enhance the judgment of the multisensory stimulus ([@CIT0010]; [@CIT0071]; [@CIT0070]; [@CIT0056]). This is an adaptive computation in the context of signal detection because it effectively boosts stimulus intensity, thereby increasing detectability ([@CIT0062], [@CIT0061], [@CIT0063]; [@CIT0036]; [@CIT0031]). However, further perceptual evaluation of a flavor may require different computations ([@CIT0015]), but the specific relation between taste--smell interactions and food choice has not been addressed in humans, and it is unclear how sweetness ([@CIT0052]; [@CIT0066]; [@CIT0029]) and pleasantness ([@CIT0052]; [@CIT0055]; [@CIT0002]; [@CIT0016]) ratings relate to consumption decisions. Different perceptual strategies may affect the multisensory operation performed by the subject. Work on flavor perception in animal models, on the other hand, typically uses consumption as a behavioral read out, but has mostly focused on taste--smell interactions in the context of classical conditioning ([@CIT0027]; [@CIT0046]; [@CIT0051]; [@CIT0042]; [@CIT0048]; [@CIT0047]; [@CIT0054]; [@CIT0035] and [@CIT0057]; [@CIT0057]; [@CIT0024]; [@CIT0011]). These studies have investigated plastic changes in the perceived palatability of individual flavor components after exposure to mixtures (the influence of this type of leaning is further discussed below), but did not systematically investigate how taste and smell components of a mixture interact to inform an instantaneous judgment.

A parallel with the present findings can be found in the extant literature on multisensory judgments in other systems. For example, work on visuo-haptic integration has demonstrated that when judging-specific properties of a stimulus, multisensory sources of information may be optimally combined by linear weighing of the components (i.e., maximum-likelihood integration; [@CIT0025]; [@CIT0012]; [@CIT0001]; [@CIT0072]). The present findings are generally consistent with this model. However, the current experiments were not designed to test 2 of its key predictions, namely that the weight carried by the components should be inversely proportional to the reliability of the components and that the reliability of the multisensory judgments should exceed the reliability of the components. In the context of flavor perception, reliability could potentially be influenced by stimulus-specific and animal-specific factors. The effect of animal identity on component weight ratio observed in the present study argues for a role of the latter possibility, and may, for example, reflect individual variation in taste/odor sensitivity. Future studies experimentally manipulating taste and smell reliability will further investigate to what extent flavor judgments are consistent with maximum-likelihood integration.

The multisensory operation observed here differed from the operation performed on within-modality taste--taste mixtures: whereas taste--odor consumption clearly favored the averaging model, taste--taste consumption did not favor either averaging or additive models. Instead, we observed a pattern that is in line with previous studies on taste-taste mixtures whereby the stronger component suppresses the weaker component (i.e., "mixture suppression"; [@CIT0037]; [@CIT0022]; [@CIT0041]; [@CIT0023]; [@CIT0033]). One factor that may contribute to the discrepancy between multisensory versus unisensory mixtures observed in the present study may lie in the fact that taste-taste mixture suppression is thought to be the result of interactions at the periphery ([@CIT0017]; [@CIT0007]). Since taste and odor signals are sourced from distinct sensory epithelia, no peripheral suppression occurs. Similarly, judgments of combined, noncompeting, within-modality visual cues follow maximum-likelihood integration ([@CIT0025]; [@CIT0013]).

We did not observe an effect of experience on multisensory integration of flavor components in the present study. This is in contrast with previous findings regarding taste--smell integration ([@CIT0052]; [@CIT0066]; [@CIT0029]; [@CIT0059]; [@CIT0055]; [@CIT0016]). Several factors may contribute to the discrepancy between the results observed here and the human literature. As mentioned already above, task context may influence how taste and smell components of a flavor are integrated and may also affect the role of experience. Whereas flavor detection, and other perceptual judgments such as identification and intensity and sweetness ratings may rely on a feedforward computation performed on hard-wired, experience-driven convergence of taste and smell signals ([@CIT0049], [@CIT0050]), consumption decisions are imperative, even when no explicit memory of a specific flavor combination exists. With respect to task context, it is also important to note that consumption in a one-bottle context is driven by factors other than palatability of the stimulus components. Although animals in the present study were never deprived of fluid during testing sessions (and testing sessions were performed at the same time each day)---allowing for a sensitive measure of flavor liking---different conditions were tested on different days, and comparisons are therefore indirect. Future work using a 2-bottle task may provide a more direct comparison between congruent and incongruent flavor palatability, for example. Further experimentation is also needed to test the generalizability of our findings to a larger stimulus space, including a range of component concentrations and palatability. In addition, it remains unclear how stimulus liking interacts with physiological factors such as thirst, satiety, or postingestive effects to dynamically affect consumption behavior. Future work will investigate how multisensory interactions in flavor consumption may vary with different time scales of testing. The exact integrative operation and/or the role of experience may depend on the perceptual strategy used by the subject. Previous work has shown that human subjects integrate taste and smell components of a mixture differently depending on the instructions they receive: instructing subjects to pay attention to the individual components of a taste--smell mixture minimized effects of congruency ([@CIT0040]). It is possible that rats and humans employ different default strategies when evaluating taste-smell mixtures. Finally, studies in human subjects often lack control over (and even knowledge of) flavor experience (but see [@CIT0065], [@CIT0066]; [@CIT0045]; [@CIT0059]; [@CIT0030]; [@CIT0002]; [@CIT0016]), and choice of (in)congruent stimulus combinations is sometimes poorly justified (e.g., it is not obvious why almond-saccharin and ham-sucrose are congruent and incongruent, respectively; [@CIT0052]; [@CIT0010]). Here, we explicitly define---and experimentally control---congruency in terms of experience. However, it is possible that the training paradigm used in the present study was not effective in establishing taste--smell congruency. Rats were exposed to specific taste--smell combinations from weaning to early adulthood, covering an extensive period during which animals are known to learn about the sensory qualities of food ([@CIT0014]; [@CIT0054]; [@CIT0064]; [@CIT0021]; [@CIT0032]; [@CIT0005]). Nonetheless, the establishment of flavor correspondences may occur during a critical period outside of the training period used here, or require more extensive exposure. Finally, even though experience with specific flavor combinations is a key component of most definitions of congruency---both implicit ([@CIT0038]; [@CIT0052]; [@CIT0016]) and explicit ([@CIT0030])---it is possible that innate correspondences between certain taste and smell components exist and that these correspondences affect the multisensory computations underlying consumption decisions. For example, certain volatiles found in fruits are known to selectively enhance sweetness ([@CIT0004]; [@CIT0067]; [@CIT0053]) and may be innately congruent with sweet taste. Future work, employing different training protocols or similar protocols in the context of different tasks, or using putative innately congruent flavor combinations, will test the role of these factors in informing flavor consumption decisions.

Our finding that experience does not affect instantaneous decisions about taste--smell mixtures relative to their components does not imply that experience has no effect on perception of the components. Although we did not compare component consumption before and after training, it is possible, and perhaps even likely, that our training procedure changed the palatability of components through associative learning ([@CIT0027]; [@CIT0046]; [@CIT0048]; [@CIT0014]; [@CIT0026]; [@CIT0009]; [@CIT0073]; [@CIT0005]). It is also possible that mere exposure to the individual components (regardless of the exact pairings) is necessary for their integration during subsequent testing. Future experiments that involve comparison to a naive control group will test for this possibility.

In summary, the present findings provide novel insight into the mechanisms underlying multisensory flavor judgments. When judging a taste--smell mixture in the context of consumption, animals linearly weigh the information provided by the components. A similar pattern has been observed in visuo-haptic ([@CIT0012]), auditory-haptic ([@CIT0006]), and visuo-vestibular ([@CIT0008]; [@CIT0019]) integration, suggesting an evolutionarily conserved underlying neural computation. However, the specific mechanisms that underlie taste--smell integration appear to be unique in that they are not determined by experience with specific multisensory stimulus combinations, consistent with the flavor system's unique computational goal of evaluating a virtually unlimited set of behaviorally relevant multisensory stimulus combinations.
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